The rf voltage measurement capability of an equivalent time sampling system is described. The frequency range investigated is 1 to 100 MHz. Over this range, the measured errors, determined by ac/dc thermal transfer, are within the stated uncertainties presently provided by NBS for thermal converter calibrations. The system offers several advantages over conventional thermal transfer techniques: ac/dc transfers are not required, loading and transmission line problems are reduced, and direct measurement of voltages from 2 V to as low as 10 mV are possible.
Introduction
Rf voltages are generally measured using thermal transfer, average responding (rectifying) o r peak responding measurement techniques. The latter two approaches, while offering conveniences of use, are of limited value when measuring nonsinusoidal waveforms. On the other hand, instruments incorporating thermal transfer devices (vacuum thermcouples, solid state measurement accuracy even for highly distorted waveforms. Unfortunately, they generally suffer from several other limitations: at successive delays determined by a precision time delay generator, until the entire waveform has been characterized. A complete SVT system based on the IEEE 4 8 8 bus, is shown in figure 2 .
The comparator and integrator are mounted in a small enclosure which is connected by umbilical cable to the other system components. This configuration permits the sampler to be connected directly to the output of the source of voltage to be measured, eliminating the need for connecting cables. The comparator is physically within 1 cm of the type N input connector and has an input impedance of 60 k or greater, shunted by about 2 pF. The input can be terminated in 50 ohms at the comparator, if desired. These features minimize errors due to transmission line effects.
Rms voltages are measured by computing the square root of the mean of the squares of the samples over one or an integral number of periods of tee input signal. The equivalent sampling rate of the SVT is as high as 100 GHz and the bandwidth is 1 GHz, so that harmonically distorted waveforms can still be accurately measured at fundamental frequencies of 100 MHz. The total harmonic distortion of the SVT ranges from 0.03% at 1 MHz to about 1% at 100 MHz, values which contribute neglinible error (to an rms measurement) for all but thermal converters, thermistors, etc.) offer good rms --the most seriously distorted waveforms. The offset voltage is readily measured with the input terminals shorted; software corrections can then be applied.
1. an ac/dc transfer is usually required to achieve reasonable accuracy, 2. thermoelements are difficult to protect from overload, and are subject to burnout, In this work, we present an alternative measurement approach, based on equivalent time sampling techniques. The technique overcomes many of the limitations noted above, while achieving accuracies comparable to those realized with the best thermal transfer instruments. 
Sampling Voltage Tracker
The new measurement system, called a Sampling Voltage Tracker (SVT), has previously been studied by the authors and others, primarily as a tool for fast time domain measurements of such parameters as settling time [ 1 , 2 , 3 ] . The SVT is an equivalent-time sampling and digitizing system which uses a high speed latched IC analog comparator as the sampler. As illustrated in figure 1 , the latched comparator is operated in a feedback loop to repetitively sample the input signal at a given instant on the waveform and generate a dc level equal to the average sampled voltage. Digitization is accomplished simply by measuring the dc level with a precision DVM. The process is repeated 
Measurement Results and Error Sources
Comparison measurements at 1 V made using the SVT and thermal transfer instruments have shown agreement to well within the limits of the lowest uncertainties presently given by NBS for rf thermal converter calibrations, over the frequency range of 1-100 MHz. These limits range from 0.05% at 1 MHz to 1% at 100
MHz. Complete measurement results spanning the full SVT dynamic range (10 mV to 2 V) will be included in the full paper. Also included will be a discussion of error sources, including comparator limitations, transmission line effects, jitter in sampling time, and calculation errors due to using a non-integral number of samples per period.
